Introduction {#gmy032s1}
============

Alzheimer's disease (AD) is an age-related neurodegenerative disorder characterized by intracellular accumulation of β-amyloid (Aβ) and extracellular senile plaque (SP) deposition. With a rapidly aging population in the world, the incidence of AD is rising quickly. The Alzheimer's Association estimates that the number of persons with dementia is increasing annually, and every 33 s a new AD case appears \[[@gmy032C1]\]. More than 46 million people currently live with dementia worldwide, and this number is predicted to triple by 2050 \[[@gmy032C2]\]. Among AD patients, two-thirds are women, and this phenomenon is ever-present in both prevalence and severity \[[@gmy032C3],[@gmy032C4]\]. Previous studies have shown that female patients suffer a faster deterioration than males \[[@gmy032C5]\], especially post-menopausal women, whose circulating ovarian hormone concentrations gradually decrease as age increases \[[@gmy032C6],[@gmy032C7]\]. Epidemiological analyses have revealed that women who received hormone therapy in their perimenopausal period are at a lower risk for AD \[[@gmy032C8]\], while those untreated are more likely to suffer from AD \[[@gmy032C9],[@gmy032C10]\]. A growing number of reports suggest that ovarian hormones \[[@gmy032C11],[@gmy032C12]\], including E2 and progesterone, play a neuroprotective role. However, the effect of sex hormone treatment for AD still remains to be explored \[[@gmy032C13]\].

Aβ, such as intraneuronal Aβ1--42, is commonly found in mild cognitive impairment or Alzheimer's patients and is regarded as a pathological hallmark of AD \[[@gmy032C14]\]. A high Aβ level is often accompanied by an increase in production as well as defective clearance \[[@gmy032C14],[@gmy032C15]\]. Autophagic vacuoles are considered to be the source of Aβ production \[[@gmy032C19],[@gmy032C20]\], and evidence has shown that autophagy dysregulation occurs in both AD patients and animal models of AD \[[@gmy032C16]--[@gmy032C18]\]. Recent studies have also shown that the formation of Aβ plaques may result in autophagy−lysosome pathway disorder, which plays an important role in the intracellular clearance of damaged organelles and misfolded proteins \[[@gmy032C21],[@gmy032C22]\]. Ovarian hormone loss may contribute to the development of AD pathogenesis in menopausal females through regulation of autophagic activity.

Macroautophagy ('self-eating' or 'autophagy') is an ongoing catabolic process that occurs in physiologic conditions in various cells to maintain protein metabolism. Autophagy is a kind of intracellular degradation involving several steps, such as sequestration of cytosolic proteins into double-membrane vesicles, transportation of autophagosomes (which fuse with lysosomes either directly or after a prior fusion with endosomes and subsequently cause the formation of amphisomes), and degradation and reutilization in lysosomes, which is perturbed in neurodegenerative diseases such as AD \[[@gmy032C23],[@gmy032C24]\]. Beclin1, also known as Atg6, plays an important role in membrane isolation and nucleation, contributing to the formation of early autophagosomes \[[@gmy032C25]\]. An appearance of autophagosomes proves the induction of autophagy \[[@gmy032C26]\]. The upregulated level and cytosol-to-vesicle translocation of LC3-II are widely used as a specific marker of autophagosome formation and play a key role in phagophore elongation \[[@gmy032C27]\]. LC3-I and phosphatidylethanolamine are conjugated to produce lipidated LC3-II, which can induce elongation and closure of autophagosomal membranes and can bind to the autophagosome and fuse with lysosomes \[[@gmy032C28],[@gmy032C29]\]. SQSTM1/p62, with multiple protein--protein interaction motifs, binds with both LC3 and polyubiquitinated proteins to recruit protein cargo into autophagosomes which are then degraded as aggregates \[[@gmy032C30]--[@gmy032C32]\]. SQSTM1/p62, as a marker of lysosomal protein degradation, is usually found in ubiquitinated inclusion bodies and can be quickly accumulated when autophagy flux is disturbed \[[@gmy032C33]\]. Cathepsin B (Cath-B) is a cysteine lysosomal hydrolase, which has been found to cleave Aβ1--42 into less amyloidogenic species \[[@gmy032C34]\]. Neurons in AD-vulnerable subfields can take up extracellular Aβ1--42 and be sequestered into lysosomes \[[@gmy032C35]\]. Cath-B is a major lysosomal protease that can control AD-like amyloidogenic processing and is involved in the degradation of Aβ \[[@gmy032C36]\]. Thus, lysosomal cathepsin activity may be important for the clearance of Aβ.

In the present study, we sought to determine the impact of short-term or long-term deprivation of ovarian hormones on autophagy in 2×TgAD female mouse brains and investigated the effect of ovarian hormone loss on Aβ. This study may provide essential information for the prevention and treatment of AD.

Materials and Methods {#gmy032s2}
=====================

Transgenic mice {#gmy032s3}
---------------

The animal care and experimental protocol used in this study were performed according to the guidelines of Laboratory Animals from Ethics Committee of Chongqing Medical University. Mice were kept in the individual ventilated cage room of Chongqing Medical University Animal Center at constant temperature, with food and water *ad libitum*. Heterozygous B6C3-Tg (APP swe/PS1ENdE9) mice that overexpress mouse/human amyloid precursor protein (Mo/Hu APP swe) and mutant human presenilin-1 (PS1-dE9) were used (Certificate No. 11401300010893; HFK Bio-Technology Co., Ltd, Beijing, China). Mice weaned on postnatal Day 28 were genotyped with tail biopsies by polymerase chain reaction using B40013 Mouse Direct PCR Kit for Rapid Genotyping (Bimake, Houston, USA). The wild-type (WT) littermates were used as normal controls. All efforts were made to minimize animal suffering and the number of animals used.

Experimental design and surgery {#gmy032s4}
-------------------------------

To investigate the change in autophagy and Aβ after removal of ovaries, 3-month-old female 2×TgAD and WT mice were randomly assigned to two groups (*n* = 6--8 per group): sham ovariectomized (sham) and ovariectomized (ovx). Mice were anesthetized with 3.5% chloral hydrate (0.1 ml/g, intraperitoneally) and fixed in the prone position to remove the ovaries. The ovaries of the sham operation animals were exposed but not removed. Animals were examined 1 week, 1 month, or 3 months after treatment.

Tissue preparation {#gmy032s5}
==================

Mice were sacrificed, and the cortex and hippocampus were isolated from each half of the brain. One half was stored at −80°C and homogenized for protein analysis as soon as possible. The other half was fixed in freshly prepared 4% paraformaldehyde overnight at 4°C, dehydrated in a gradient of 10%, 20%, and 30% sucrose in 0.1 M phosphate-buffered saline (PBS, pH 7.4) until it progressed through the sucrose gradient, and then embedded in tissue embedding medium (4583, OCT Compound; Sakura Finetek Tissue-Tek, Tokyo, Japan). A freezing microtome (CM1860; Leica, Wetzlar, Germany) was used to cut the brain into 10-μm thick coronal serial sections. All sections encompassing the hippocampus were collected serially (ten sections in 1 well) in 24-well plates filled with 0.01 M PBS. Two slices in every 100 μm were mounted onto one slide for immunohistochemical staining. All slides were stored at −20°C. The uteri were collected from all groups and weighed.

Immunohistochemistry analysis {#gmy032s6}
-----------------------------

The brain tissue sections were immunohistochemically stained according to a special kit (SA1020; BOSTER, Wuhan, China). The sections were immunostained with anti-pan Aβ antibody 4G8 (800704; BioLegend, San Diago, USA) at a 1:250 dilution overnight at 4°C. The next day, the primary antibody was tagged with a Cy3-conjugated goat anti-mouse IgG secondary antibody (11G05A, 1:200; BOSTER). Plaques were visualized using diaminobenzidine with a DAB Kit (ZLI-9018, solution 1:solution 2 = 1:20; ZSGB-BIO, Beijing, China) and images were captured with a digital microscope camera (DFC425 C; Leica). In addition, thioflavin S staining of plaques was performed with 1% thioflavin S, and the green fluorescence-stained plaques were visualized by a fluorescence microscope (Leica DM 4000; Leica).

ELISA {#gmy032s7}
-----

The protease inhibitor phenylmethanesulfonyl fluoride (PMSF) (ST506; Beyotime, Shanghai, China) was added to tissue samples to prevent Aβ degradation. The concentration of Aβ40 or Aβ42 was detected by an Amyloid β (1--40) or Amyloid β (1--42) Colorimetric ELISA Kit (27713 or 27711; Immuno-Biological Laboratories Co., Ltd, Fujioka, Japan) according to the manufacturer's instructions. Briefly, 100 μl of the Aβ standard or the sample was added into each well and incubated the precoated plate overnight at 4°C. Wash the plate with the prepared wash buffer and remove all liquid. And then, pipette 100 μl of labeled antibody solution into the wells of test samples, diluted standard and test sample blank. After 1 h of incubation at 4°C, the plates were washed and then incubated with 100 μl of the stabilized chromogen for 30 min at room temperature. The reaction was terminated by addition of 100 μl of the stop solution. Finally, absorbance at 450 nm was measured with a microplate reader (Multiskan 1510; Thermo Fisher Scientific, Vantaa, Finland).

Western blot analysis {#gmy032s8}
---------------------

Brain tissue (cortex and hippocampus) was lysed in a mixture of radio immunoprecipitation assay (RIPA) lysis buffer (P0013B; Beyotime) and PMSF (RIPA:PMSF = 100:1, 100 mg tissue/1 ml mixture), and homogenized with an MT-30K homogenizer (MIU Instruments Co., Hangzhou, China) on ice. Homogenates were centrifuged twice at 12,000 *g* for 10 min, and the supernatant protein concentration was determined with a BCA Kit (P0010S; Beyotime). After addition of 5× sample loading buffer (P0015; Beyotime) and heating at 100°C for 5 min, the protein samples (40 μg per lane) were separated by 10% SDS-PAGE (P0012A; Beyotime), and transferred to polyvinylidene fluoride membranes (IJ-58; Millipore, Darmstadt, Germany). Membranes were blocked with blocking buffer (P0023B; Beyotime) and then incubated with the primary antibodies, including anti-Beclin1 (ab55878, 1:500; Abcam, Cambridge, USA), anti-LC3 (12741 T, 1:1000; Cell Signaling Technology, Boston, USA), anti-p62 (5114 S, 1:1000; Cell Signaling Technology), and anti-β-actin (AF0003, 1:1000; Beyotime) overnight at 4°C. After washing, membranes were incubated with the corresponding horseradish peroxidase (HRP)-conjugated anti-rabbit/mouse IgG secondary antibody (SA0001-2, 1:5000; Proteintech, Chicago, USA). Immunoreactive bands were visualized using the WesternBright TM ECL Kit (K-12045-D10; Advansta, Menlo Park, USA) and captured by Molecular Imager ChemiDoc XRS System (731BR02996; Bio-Rad, Shanghai, China). All band intensities were quantified using Quantity One 1-D analysis software (Bio-Rad).

Immunofluorescent staining {#gmy032s9}
--------------------------

The brain tissue sections were immunofluorescently stained according to a previously described method \[[@gmy032C37]\]. Briefly, sections were incubated with the primary antibodies anti-Cath-B (D1C7Y, 1:500; Cell Signaling Technology) and anti-LAMP1 (ab24170, 1:500; Abcam) overnight at 4°C. The next day, the samples were incubated with a Cy3-conjugated secondary antibody (P0193, 1:200; Beyotime) for 40 min at 37°C. After immunofluorescent labeling, nuclei were stained with 4,6-diamino-2-phenyl indole (DAPI) (Beyotime). Finally, the slides were covered with coverslips and examined by the fluorescence microscope. NIS-Elements Viewer 4.2 software was used to capture the images.

Statistical analysis {#gmy032s10}
--------------------

Data were presented as the mean ± SEM. Statistically significant differences were determined by two-way analysis of variance (ANOVA) followed by the Bonferroni post hoc test (for Aβ level) or Student's *t*-test (for other comparisons between sham and ovx). All statistical analyses were performed with the SPSS 17.0 software. Differences were considered significant at *P* \< 0.05.

Results {#gmy032s11}
=======

Confirmation of ovarian hormone status {#gmy032s12}
--------------------------------------

Six days after ovx in mice is equivalent to early post-menopause in humans \[[@gmy032C38]\], and 180 days after ovx in mice is similar to 10--20 years after menopause in women \[[@gmy032C39]\]. Therefore, we designed three experimental models (1-week, 1-month, and 3-month) to imitate human early post-menopause, middle post-menopause, and late post-menopause, respectively. In the current study, uterine weight was used as a bioassay and an independent indicator to confirm depletion of ovarian hormones in both female wild-type (WT) and transgenic AD (2×TgAD) mice \[[@gmy032C40]\]. In our experiment, in both WT and 2×TgAD mice, ovx-induced ovarian hormone depletion led to a significant decrease in uterine weight relative to the sham group (**Fig. [1](#gmy032F1){ref-type="fig"}A,B**), which suggests that the ovarian hormone loss model was successfully established.

![**Ovx-induced decrease in uterine weight** (A) Uteri images in all groups. (B) Quantification of the uterine weight. Results showed that the uterine weight of mice in the 1-week, 1-month, and 3-month ovx groups was decreased significantly compared with the corresponding sham groups. \*\**P* \< 0.01. Data are presented as the mean ± SEM.](gmy032f01){#gmy032F1}

Ovarian hormone loss increases neuritic plaque deposition in 2×TgAD mice {#gmy032s13}
------------------------------------------------------------------------

To investigate whether ovariectomy could result in the changes in Aβ deposition *in vivo*, 4G8 immunostaining and thioflavin S staining were used to detect Aβ-containing neuritic plaques in the brain (**Fig. [2](#gmy032F2){ref-type="fig"}**). No plaques were observed in any of the mouse brains in the WT groups. However, plaques were observed in 2×TgAD mice at 1 month and 3 months following the ovx operation as indicated by the 4G8 immunostaining (**Fig. [2](#gmy032F2){ref-type="fig"}, k,l,s,t**) and thioflavin S staining (**Fig. [2](#gmy032F2){ref-type="fig"}, o,p,w,x**). Quantification results showed that the number of plaques was significantly increased in the hippocampus of 1-month and 3-month AD-ovx mice compared with that in the AD-sham group (**Fig. [3](#gmy032F3){ref-type="fig"}A,B**). The same results were obtained in the cortex of 2×TgAD mice as in the hippocampus by 4G8 immunostaining (**Fig. [4](#gmy032F4){ref-type="fig"}**). These results revealed that middle and long-term ovarian hormone deprivation can increase Aβ neuritic plaque deposition in the brains of 2×TgAD mice.

![**Effect of ovx on neuritic plaque deposition in the hippocampus of 2×TgAD mice** 4G8 immunostaining (a--d, i--l, and q--t) and thioflavin S staining (e--h, m--p, and u--x) were used to detect neuritic plaques in the hippocampus. Black arrows point to plaques. In the WT mice, no plaques were observed, and ovx did not affect neuritic plaque deposition. However, a few neuritic plaques were observed in the brain sections of 1-month and 3-month AD groups. Scale bar: 200 μm.](gmy032f02){#gmy032F2}

![**Aβ level in the brains of 2×TgAD mice** (A) Quantification of the number of neuritic plaques immunostained by 4G8. (B) Quantification of the number of neuritic plaques stained by thioflavin S. (C) Aβ40 level in the transgenic brain tissues. (D) Aβ42 level in the transgenic brain tissues. \**P* \< 0.05 and \*\**P* \< 0.01. ^*\*\*\**^*P* \< 0.05 vs. 1-month-AD-sham. ^\*\*\*\*^*P* \< 0.05 vs. 1-month-AD-ovx. A two-way ANOVA and a post hoc Bonferroni adjustment were used. Data are presented as the mean ± SEM.](gmy032f03){#gmy032F3}

![**The effect of ovx on neuritic plaque deposition in the cortex of 2×TgAD mice** 4G8 immunostaining was used to detect neuritic plaques in the cortex. In these 2×TgAD mice, similar results were obtained in the hippocampus. No plaques were observed in the 3-month-old mice (equal to 1 week after ovariectomy). Neuritic plaques were observed in the brain sections of 4-month and 6-month-old mice (equal to 1 month and 3 months after ovariectomy, respectively). Scale bar = 200 μm.](gmy032f04){#gmy032F4}

To further confirm the effect of ovarian hormone loss on AD pathogenesis, an ELISA assay was also performed to measure Aβ40 and Aβ42 levels in transgenic brain tissues (**Fig. [3](#gmy032F3){ref-type="fig"}C,D**). The results indicated that the ovx induced an increased level of Aβ40 in AD mouse brain, especially in 3m-ovx group. Meanwhile, ovx also led to an elevated Aβ42 level in AD mouse brain, starting from 1m-ovx group mice, and more obviously in 3m-ovx group mice.

Taken together, these data indicate that middle-term and long-term ovarian hormone deprivation can result in overproduction and deposition of Aβ in 2×TgAD brain tissues.

Ovariectomy-induced changes in autophagy-related proteins {#gmy032s14}
---------------------------------------------------------

To further investigate the underlying autophagic function within ovarian hormone deprivation, we first examined its effect on the expressions of autophagy-related proteins. The hippocampus and cortex tissues were collected from both WT and 2×TgAD female mice. Three important proteins of autophagosome formation, i.e. Beclin1, LC3-II, and p62, were examined. In the 1-week group, ovx mice exhibited lower Beclin1 protein level relative to the sham mice both in WT and 2×TgAD groups (**Fig. [5](#gmy032F5){ref-type="fig"}A,D**). More importantly, relative to the expression in the sham group, LC3-II and p62 were significantly increased following the ovx operation in both the WT and 2×TgAD groups (**Fig. [5](#gmy032F5){ref-type="fig"}A,D**). In the 1-month group, ovx induced a significant decrease in the level of Beclin1 and an increase in the level of p62 (**Fig. [5](#gmy032F5){ref-type="fig"}B,E**). However, there was no significant difference in the LC3-II expression (**Fig. [5](#gmy032F5){ref-type="fig"}B,E**). In the 3 months post-ovx mouse brains, lower expression levels of Beclin1 and LC3-II proteins and higher expression level of p62 protein were observed, when compared with the sham mouse brains in both the WT and 2×TgAD groups (**Fig. [5](#gmy032F5){ref-type="fig"}C,F**). These results suggest that autophagy is impaired in the hormone deprivation condition.

![**Ovx-induced change in autophagy** The hippocampus and cortex tissue collected from brains of WT-sham, WT-ovx, AD-sham, and AD-ovx groups were assessed for Beclin1, LC3, and p62 expression. Expressions of Beclin1, LC3, and p62 proteins were determined by western blot analysis. (A,D) ovx induced a significant decrease in Beclin1 expression in the 1-week group as well as a significant increase in LC3-II expression and increase in p62 expression in both the WT and 2×TgAD mice. (B,E) ovx induced a significant decrease in Beclin1 expression, increase in p62 expression, and no significant difference in LC3-II expression in the 1-month group. (C,F) ovx induced a significant decrease in Beclin1 expression, decrease in LC3-II expression and increase in p62 expression in the 3-month group. Data are presented as the mean ± SEM. Beclin1 and p62 protein expressions were relative to β-actin. LC3-II expression was relative to LC3-I. \**P* \< 0.05 and \*\**P* \< 0.01. n.s., not significant.](gmy032f05){#gmy032F5}

Ovariectomy-induced changes in Cath-B expression in the mouse brain {#gmy032s15}
-------------------------------------------------------------------

To investigate the impact of ovariectomy on lysosomal function, we assessed the enzymatic activity of Cath-B (a key lysosome aspartic protease) using immunofluorescent staining. As shown in **Fig. [6](#gmy032F6){ref-type="fig"}A,B**, the appearance of Cath-B-positive puncta in cells was fine and granular. We found that there were no changes of Cath-B-positive puncta in cells in the hippocampal CA1 region between WT-sham group (**Fig. [6](#gmy032F6){ref-type="fig"}A, a,e**) and AD-sham group (**Fig. [6](#gmy032F6){ref-type="fig"}A, c,g**), which is the same as WT-ovx group and AD-ovx group in either 1-week and 1-month mice (**Fig. [6](#gmy032F6){ref-type="fig"}A**). However, in the hippocampus of 3-month group AD-sham mice (**Fig. [6](#gmy032F6){ref-type="fig"}A, k**), Cath-B-positive puncta in cells were greatly decreased as compared with the corresponding WT-sham mice (**Fig. [6](#gmy032F6){ref-type="fig"}A, i**), meanwhile, ovx caused a more significant reduction of Cath-B-positive puncta in cells in 2×TgAD than that of WT mice, when compared the ovx group with the corresponding sham group. We found the similar results in the cortex. As shown in **Fig. [6](#gmy032F6){ref-type="fig"}C,D**, the number of Cath-B puncta in cells was notably decreased in 3-month group 2×TgAD mice (**Fig. [6](#gmy032F6){ref-type="fig"}C, o**), as compared with those in 1-week (**Fig. [6](#gmy032F6){ref-type="fig"}C, m**) and 1-month (**Fig. [6](#gmy032F6){ref-type="fig"}C, n**) group 2×TgAD mice. And ovx led to a significant reduction of Cath-B puncta in cells, especially in 3-month group mice. These results indicate that the activity of Cath-B is decreased by ovarian hormone deprivation.

![**Expression of Cath-B in the mouse brains** (A) Expression of Cath-B in the CA1 of the hippocampus of mice in all groups. Upper panels represent 1 week after ovariectomy (a--d). Middle panels represent 1 month after ovariectomy (e--h). Lower panels represent 3 months after ovariectomy (i--l). Cath-B-positive puncta were observed (red puncta). (B) Quantification of Cath-B in the CA1 region of the hippocampus showed a significant decrease in the ovx model compared with that in the sham in both WT and 2×TgAD mice. (C) Expression of Cath-B in the cortex of AD mice (m--r). (D) Quantification of Cath-B in the cortex showed a significant decrease in the ovx model compared with that in the sham in both WT and 2×TgAD mice. Nuclei were stained blue with DAPI. Scale bar in picture A: 20 μm; Scale bar in picture C: 10 μm. Data are presented as the mean ± SEM. \**P* \< 0.05, \*\**P* \< 0.01, and \*\*\**P* \< 0.001.](gmy032f06){#gmy032F6}

Ovariectomy-induced decrease in the expression of LAMP1 in the mouse brain {#gmy032s16}
--------------------------------------------------------------------------

To further investigate lysosomal function, we focused on the expression of LAMP1. Immunofluorescent staining revealed that ovx led to a decrease of LAMP1 expression level in the cortex of the ovx group of both WT and 2×TgAD mice, as compared with the corresponding sham group (**Fig. [7](#gmy032F7){ref-type="fig"}A**). However, there was no significant change of LAMP1 expression between WT-sham group and AD-sham group, the same as WT-ovx group and AD-ovx group, in either 1-week or 3-month mice. In the hippocampal region, ovx had little effect on LAMP1 expression in 1-week WT and 2×TgAD mice (**Fig. [7](#gmy032F7){ref-type="fig"}C, i--l**). However, in 3-month group mice, ovx induced a significant decrease of LAMP1 expression in hippocampus, especially in 2×TgAD mice, as compared with the corresponding sham group (**Fig. [7](#gmy032F7){ref-type="fig"}C, m--p**). Taken together, these results suggest that ovarian hormone loss impairs the degradation capacity of lysosomes.

![**Expression of LAMP1 in the mouse brain** (A) Expression of LAMP1 in the cortex of mice 1 week and 3 months after ovariectomy. Upper panels represent 1 week after ovariectomy (a--d). The other panels represent 3 months after ovariectomy (e--h). (B) Quantification of LAMP1 in the cortex showed a significant decrease in both ovariectomized WT and 2×TgAD mice compared with that in the sham mice. (C) Expression of LAMP1 in the hippocampus 1 week and 3 months after ovariectomy. Upper panels represent 1 week after ovariectomy (i--l). The other panels represent 3 months after ovariectomy (m--p). (D) Quantification of LAMP1 in the hippocampus showed a significant decrease in LAMP1 expression in both ovariectomized WT and 2×TgAD group mice compared with that in sham mice. Nuclei are stained blue with DAPI. Arrows indicate filamentous patterns for LAMP1 in the cortex. Scale bar in picture A: 50 μm; inset: 20 μm; picture C: 30 μm. Data are presented as the mean ± SEM. \**P* \< 0.05 and \*\**P* \< 0.01.](gmy032f07){#gmy032F7}

Discussion {#gmy032s17}
==========

AD is a multifactorial neurodegenerative disease with three characteristics: production of neurofibrillary tangles through intracellular hyper-phosphorylation, formation of SP from extracellular Aβ, and development of neuronal loss \[[@gmy032C41]\]. Among these, Aβ deposits are the primary pathological feature that affects brain structure in preclinical AD. In addition, familial Alzheimer's disease is caused by mutations in APP, PS1, and PS2, resulting in spontaneously age-related dysmnesia and Aβ deposition \[[@gmy032C42]\]. APP/PS1 double-transgenic mice exhibit gradually increased levels of Aβ and decreased learning and memory ability with the development of age \[[@gmy032C43]\]. Furthermore, amyloid plaques in the neocortex and hippocampus have been observed as early as 4--6 months of age \[[@gmy032C44],[@gmy032C45]\]. Such a transgenic mouse is considered to be a reliable animal model for the study of the pathological mechanisms of AD.

In recent years, it has been demonstrated that female sensitivity to the development of AD is primarily associated with a drop in plasma ovarian hormone concentrations during menopause \[[@gmy032C46]\]. However, the fundamental mechanisms of this phenomenon remain unclear. In this study, we investigated the effect of ovarian hormone deficiency on brain Aβ deposition and autophagy in two mouse models, normal WT and 2×TgAD female mice. In primates, 30 days of estrogen deprivation led to a permanent \>30% loss of substantial nigra dopaminergic neurons, and 10-day estrogen treatment restored the density of tyrosine hydroxylase-immunoreactive cells in the brain of 30-day ovariectomized animal model \[[@gmy032C47]\]. In this experiment, we designed a mouse model of 1 week, 1 month, and 3 months after bilateral ovariectomy to simulate different stages of menopause, i.e. early stage, mid-stage, and late-stage. Our results indicated that the weights of the uteri in both WT and 2×TgAD mice were decreased when ovarian hormone deficiency was induced by ovx. In mammals, the uterus is the main source of estrogen and progesterone, which coordinate cell proliferation and differentiation. Furthermore, when neuritic plaques occurred, ovx induced an increase in Aβ levels and neuritic plaque deposition in 2×TgAD mice. These data indicate that the increase in Aβ levels, associated with reproductive senescence, is due to ovarian hormones loss, which is consistent with a previous study \[[@gmy032C48]\]. Recent studies have demonstrated that Aβ is closely related to autophagy \[[@gmy032C49]\]. Autophagy is essential for maintaining cellular metabolism homeostasis and, as a sweeper for toxic materials such as Aβ, which has provided a new perspective on the pathophysiology of neurodegenerative diseases \[[@gmy032C50]\].

Several decades ago, it was reported that steroid sex hormones could be linked to autophagy \[[@gmy032C51]\]. Hormone deprivation was identified as a potent inducer of autophagy in the mouse uterus. Both E2 and P4 are negative regulators of autophagic activation in the mouse uterus \[[@gmy032C52]\]. In addition to the uterus, the ovary, bone, mammary glands, and male reproductive organs are other sex steroid hormone-responsive organs in which sex steroid hormones regulate autophagic response \[[@gmy032C53]\]. Kimura *et al.* \[[@gmy032C54]\] reported that estrogen has a negative impact on the development of NaAsO2 nephrotoxicity through its suppression of the autophagic flux. However, the effect of ovarian hormone on autophagy in the AD brain is not clear.

Autophagy is a dynamic process that is involved in the synergistic effect of autophagy-related genes such as Beclin1, LC3, p62, Cath-B, and LAMP1. Autophagosome clearance is initiated upon fusion with late endosomes and/or lysosomes, which introduces into the resulting autolysosome the acidification machinery necessary and the dozens of lysosomal acidic hydrolases for substrate digestion and enzyme activation \[[@gmy032C55]\]. Lysosomes are the final destination for autophagic cargo degradation. Low efficiency of autophagic cargo degradation is induced by lysosomal dysfunction \[[@gmy032C56]\]. In the present study, we found that ovx could downregulate the expression of Beclin1 in both the WT-ovx and AD-ovx group, with more reduction in 3-month group AD-ovx mice, the same trend as that in microglia isolated from human AD brains postmortem \[[@gmy032C57]\], and Caspase-3 cleavage activated in the brains of AD patients may decrease Beclin1 protein levels \[[@gmy032C58]\]. These findings indicated that the deprivation of ovarian hormones may impair Aβ phagocytic capacity, while Beclin1 is the essential factor for the activation of autophagy. In addition, we found that the expression level of LC3-II was increased in the WT-ovx and AD-ovx groups one week after ovariectomy, while decreased greatly in the 3-month AD-ovx mice. LC3-II levels elevate with an increase in autophagosomes but decrease with lysosomal degradation. We then examine the degradation of p62, a marker of lysosomal protein. We found that p62 was kept increasing in both WT-ovx and AD-ovx groups, with the higher level in the 3-month AD-ovx mice. The increases in both LC3-II and p62 suggested impaired autophagic flux \[[@gmy032C59]\]. Furthermore, diminished Cath-B and LAMP1 also affect lysosomal degradation function, which is one of the key pathogenic factors in AD. It has been suggested that selectively restoring lysosomal proteolytic function in mouse models of AD can ameliorate diverse pathological, synaptic, and cognitive deficits \[[@gmy032C60]\]. Lysosomal dysfunction results in LC3-II accumulation, while ovariectomy may have no effect on Aβ level or neuritic plaque deposition, since brain reserve capacity serves as a stronger counterweight to neurodegeneration at the early stage of ovarian hormone deprivation \[[@gmy032C61]\]. One month or 3 months after ovariectomy in 2×TgAD mice, Aβ levels and neuritic plaque deposition were increased, which might be due to the decreased Aβ clearance capability because lysosomal dysfunction can cause accumulation of nonfunctional organelles and incomplete clearance of Aβ \[[@gmy032C55],[@gmy032C62]\]. Three months after ovariectomy, the LC3-II level was decreased in 2×TgAD mice, indicating that long-term ovarian hormone deprivation can reduce autophagosome formation and maturation, and affect autophagic function as well.

In summary, by evaluating double-transgenic ovariectomized mice, we found that ovarian hormone deprivation affects Aβ levels and autophagic flux, resulting in decreased autophagic activity and lysosomal function. Correspondingly, Aβ degradation was blocked, and Aβ deposition was increased. Nevertheless, while the mechanism by which ovarian hormone deficiency affects autophagic flux and AD remains to be determined, our study moves the field further towards an understanding of post-menopausal patients with dementia, and, depending on the duration of ovarian hormone loss, the regulation of autophagic flux might be a new treatment for female AD patients during the post-menopausal period.
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